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ABSTRACT 

The Method of Screening Operational Concepts of Warfare 
Model (MOSCOW) is a low resolution analytic too] designed by 
the RAND Corporation to assist decisionmakers in comparing 
the performance of alternative warfighting doctrines. 
Recent analysis of this mode] suggest its current battle 
attrition mechanism places unreasonable conceptual limits on 
the model’s' usefulness. This thesis considers” an 
alternative way to compute battle attrition which does not 


suffer from these difficulties. 


THESIS DISCLAIMER 
The reader is cautioned that computer programs 
developed in this research may not have been exercised for 
all cases of interest. While every effort has been made, 
within the time available, to ensure that the programs are 
free of computational and logic errors, they cannot be 
considered validated. Any application of these programs 


without additional verification is at the risk of the user. 
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I. INTRODUCTION 


A. BACKGROUND 

The U.S. Army currently uses several! different computer 
Simulations to determine the effects of new weapons and 
different strategies on its ability to both waoce and win 
war. By proper use of these simulations, decision makers 
can discover now to best employ men and equipment. These 
mode!s vary from those which focus on the characteristics 
meerse Gf individua] weapons to those which concentrate on 
the characteristics of many weapon svstems thst are combined 


Memeacgrecated to form the basic component of 2 mode! ¢s 


Basically, combat simulations or combat mode:< are 
Bev ced into two different categories: Niah resolution and 
Mee reseliution. PiGha reso) Ubon moce | Ss usue |) vi detines mene | 
‘weewetures that represent exact!y one piece cf esu.pment 
Sen afc ai etank or artillery howitzer. AS such. they 
concentrate on demonstratina the tact tes ‘ed WEacons 
employment and allow fOr Svan itic anc user Gayereae in 
wemcrOlling the flow of battle. Models that represent 
seoareqated forces are in the second cateaory; low resolution 


models. Typically, these models provide insight to issue: 


such as where large units of men and equipment should be 


Be-jticnec tc maximize thelr contribution to camnpsioar 


Beare [ilehe Beyond this, low resolution models also consider 
logistical factors such as resupply and maintenance of 
equipment in order to better understand how these factors 
can influence campaign outcome. Output from these models 
address issues on a strategic level such as, "How can a 
commander best use his assets to accomplish the mission?" 

Philip J. Romero of the Rand Corporation developed aan 
low resolution model called MOSCOW (Method of Screenina 
Concepts of Operational Warfare>d [Ref.1]. MOSCOW s purpose 
Is to provide a guantitative modei thet allows users to 
compare different concepts in waging war. These warfiahtina 
concepts, moce commoniy rceferrec to as doctrines, are Vai 
metnods that high level] leaders have decided tc use in 
waging war C€il.e. Mobije Defense as opposed tc a Ste 
Defense). The definition of the current Army dectr: news 
me found in an unclassified Department of the Army Field 
Manual fRef. Zl]. 


In developing Nis mode!, Philip Romero intended te make 


wi 


easy to use. With this purpose in mind. Misa 
Was written on a Lotus spreadsheet (compatible with personai 
computers? consisting of 1040 x S/ celis and General | yeas 
Olime (Ni Ges Or CO gesOT BSeconads —COmese cove Uetecr The model is 
capable of aggregating force sizes at the theater !eve)]. By 
calculation using various inputs, MOSCOW produces an oumeee 
estimating the required friendly force size neeaed Mire 


produce 4 desired attrl t lam Wpanecer net see eee cee 


Past evaluations of MOSCOW suggest that its method for 
computing aggregate combat attrition performs poorly in 
@eetain situations [Ref. 3]. This thesis comvares MOSCOW s 


Current attrition mechanism with a possible alternative. 


Pee PROBLEM DEFINITION 

Previous analysis of MOSCOW aemonstrated that 4a 
meocamental limitation in the model] is that it relies solely 
on the Lanchestrian square law formulation for calculating 


combat chee aa renholg losses. Detailed explanations oba 


a) 
re 
= 
rH 
@) 
™~ 


Lanchestrian formulations and the use of the squar 
attritions can be found in numerous sources [(Ref. 4). as 
meooettsS in two conceptual! limitations on the representation 
Myeeea. tie processes in MOSCOW [Ref. 3: p. 71]: 


& 
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ma (hes Gropertion of direct ena. indicect fire systems 
Aut See arom Ot CReotbers: force fremains constant ‘cv 
the entire battle. 


a3) at 


The rate at which targets become available to innirert 
fice systems is constant for the duration of the 
battle. 


we) 


Tnese Jimitations are arguably unreasonable. 
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asonahle simpiy because it 
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mav mot necessarily be true. (tA CPSein ae Uied | Eee expec. “tia 
direct fire systems (Ce.g. Vanksoe <aneu iinrentry> tant ine 
femecles> are killed at a proportionally hisher rate than 
indirect fire systems. Furthermore, it is easy tc conceive 
@eeecOncept(S of warfighting which rely predominantly on 


Girect or indirect fire as ameans of attritino the enemy. 


Such concepts would sure!y not be capable of Maintaininew. 
constant proportion of direct and indirect tire Weagen 
systems throughout the duration of a battle or severa) 
battles. 

The second limitation is unreasonable because it is 
hard, if not impossible to estimate the constant number of 
targets available to indirect fire systems. The actual! 
number is in fact a function of scenario, Inte! |] locncemen 


enemy pasitions, availability of target acquisition systems 


3 


and the current point in the battle itselt. It is not Kigae 
hew to "average" or even obtain eStimates for the mitniscieees 
targets engaged in each indirect fire engagement. 

Thus, the problem confronted by this thesis fe0ae 
develop an alternative attrition mesnanism fcr the igs 


modei which eliminates these conceptual limitations. 


CC. _SOLUT TON SAEEROCACH 
tnis paper proposes to use 4 heterogeneous Lanchester 
attrition mechanism as ,an alternative ta MOSCOW s cite 


equace jaw formulation. 


II. MOSCOW’S METHODOLOGY 


Peewee HE BASIC MODEL FN MOSCOW 
MOSCOW was desiqned to meet a need for analysis that 
Pealsting models were unable to provide. 

"There was a need for a broad, quantitative mode! that 
could rapidly provide appraisals of a wide variety of 
concepts with modest data requirements and a consequent 
Meow levedi ot resoluuion.”  tRef. 91s sp. x! 

Most = comsat Simulation “models “use | amma —v ict im 
scoreboards to display the results of 4 battle due to fixed 
inputs Cfixed inputs are those parameters defined as 
Startina strenoths, fethalities etc.>. Peel ere Fler iin 
PeereDoorc Gisplays the -outcome of a battle in. terms of 
mesic ~“cnose Venicles thetiscauseo ey casuaime dlc’ victim 
Cvehicles that were destroyed>. Analysis of these results 
provides analysts with a view of the battle and therefore 
allows a determination of which systems were most effective. 
me 4 won he OUnery hong. Ses .a. Sheet tec) olticome (desired 
epemy attrition and maximum penetration limit?) and estimates 
the number of friendly forces needed to produce this result. 

A mode} with an ability to determine the force levels 

needed to achieve a desired outcome is valuable to military 


commanders. By using MOSCOW, commanders can gain insight on 


the amount of forces needed to achieve victory. By 


comparcing these results for different scenarios, commanders 


may work best In particu 


A! 


can measure whieh force deslan 
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scens3r} 
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"Tt [MOSCOW] emphasizes those policy variables that 
especially pertain to the operational level of war, 
i.e., those choices within the purview [al Cotes ae 
aoroup. or theater commanders." [Reft. “fs. 12 


MOSCOW’s internal composition is complex. Inputs 
consist of over 350 variables within the Lotus spreadsheet. 
The mode} is essentially a set of simultaneous equations, 


and therefore successive recalculstions sre required for the 


uu 


nacde!] tG eenverce to Ssesa maier. 


Given the starting conditions of any enagsaqement. MGSCOW 


= 
CN 
‘TD 


s the battlefield geometry Ca bounded area both front game 
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with a border between opposing forces) sic (@iiees 
initia! force parameters such as the enemy rate of advance 
and the friendly rate of fire to calculate the campaiaieeaas 
retes WithWUhheSs@eitenumber of kills per Gay per ue ihe 
other rate determined within MOSCOW is cailed the reauiresa 
kil) rategeG@beust ron mew. simply stated. the rpedairedaiaae 
rete is the rate at which the friendly force must <1) ) [a 
enemy force te achieve mission success. This cate weg 
have units of the number of units that have to be ki)]led per 
qay. Tr & aQlven scenario, the friendly force size required 
to produce the desired battle outcome is calculated by 
cividina the required kil? rate by the campaion ki!) Bamee 


The fallowinag simplified example of MOSCOW s process of 


calculation gives a flavor of the model’s underlying 


structure and complexity. 
C#Henemy killed)/CTime avallable =Required kill rate Cin) 


Lie we OMnnaniceawot tie Mamlendly  forcesmaesires to destroy 
10 enemy divisions within an allowable penetration of 40 
kilometers Cthe friendly rear border). If enemy forces move 
adisa bate of 8 kliometers per day, then It would take them 95 
Gays to reach the rear border. In other words, the friendly 


forces must kI11 10 enemy divisions In S days or less. 


€40 km) 7 ©€8 km/day?) = 5 days = Time avallable 


(10 enemy divisions) / (5 days) = 2 div./ day 


If the friendly force must mass 1.5 friendly units for 
each enemy division it faced In an attack, and each friendly 
mec 1S Capable of destroying .2 enémy divisions per attack, 
with each attack lasting for two days then the campaign kil] 


rate (Equation 2) of the friendly force would be: 
C#kilIls/atk) 7/7 CHunits/atk xCH#days/fatk>) = Campaign kill rate 


(.2 kills/attack)/(1.5 units/attack)x(2 days/attack) = 0.066 kills/day/unit (2) 


Dividing the required kil! rate by the campalon Kill rate 
gives the resulting number of friendly forces needed for 
misslon accomp!ishment CEquatlon 3). For more Information 


on the above simple example, see (Ref. 1: pp.160-163]. 


Required kill rate/Campaign kill rate = # of friendly units (3) 


C2 div. /day) 7 ¢€.066 kills/day/7unit> = 30 units 


To calculate the battle attrition, the battle calculus 
within MOSCOW comprises the following seven elements: 


1. The engagement Initiation criterlon which tis’ the 
tactical attacker and defender combat power ratlo 
Ccombat power Is calculated as the number of vehicles 
times the square root of the lethality coefflcient). 
The units of the lethality coefficlent are 


dimensionless (Cl.e. lethallty has been defined In 
MOSCOW (Ref. 1] as the portion of enemy vehicles 
killed per hour). The starting strengths for both 


sides Is also needed. 


CombatPower = ( # of vehicles ) x ./lethality (4) 


2. The hardness of the vehicles which accounts for each 
vehicle’s vulnerabllity to destruction. 


3. The avallabllity of vehicles depending upon thelr 
movements Cstatlilonary or movingd and acquisition 
probabllitlies. 


4. The lethality coefficlent of the vehicles’~= which 
Incorporates the enemy hardness and avallability. A 
thesls written by Mark Hanson (Ref. 4], addresses 30 
MOSCOW coefficlents and usable ranges for thelr 
values. 


5. The engagement termination criterion Cattrition 
Imposed on or suffered by the defender) as an Input by 
the attacker. 

6. The engagement duration and vehicle attrition. 

%. Blue’s consumption during the engagement of additional 
commodities such as petrollum, oll, lubricants CPOL), 
ammunition etc. 

Element 6 Is calculated by combIning elements 1, 4 and 
om A form of the square law Lanchester equation Is then 


used C€Equation 5) to calculate the time needed for the 


battle. Ret. 1: (pp 35’ coenm orl oie 


Se | DB — (eee: 
RE = 


5 
= (5) 


mnere, 

R is the Initial size of the enemy force 

B is the initlal size of the friendly force 

r is the lethality of the enemy force 

b is the lethality of the friendly force 

t Is the time In days 

s is the percentage of enemy that survive 

Once the engagement duration has been calculated, the 

square law Lanchesterian equation CEquation 6) is used (Cas 
eppesea tO Che Inverted torm of the Lanchester equation used 
to calculate the time of battle) to calculate vehicle 


aeeritions. 





vb Jib t Jb ltt 
(x-=2 a). +(re2 a). 


R= (6) 


Where, 
R is the initial size of the enemy force 
B is the initial size of the friendly force 
menus tne jethalityvof the enemy force 
bie the) lethality of the frelendly force 
mais tne time in aays 


Rct> is the surviving strength of the enemy force 


B. NECESSITY FOR SPREADSHEET RECALCULATION 

MOSCOW, in order to attain the final value ofa 
campaian kil] rate, nes t recalculate its svstem ier 
Simultaneous equations. Philip Romero (MOSCOW’S au Cie 
states clearly why the need for recalculations exists, ana 
that usually within 12-135 iterations the program valves ae 
be close enough to be considered to have converged 1 kote 
Dp, loam Since MOSCOW uses a system Sot = simultane. 
equations, they are dependent upon each other. The 
constantly changing values Cdependina on the current battle 
that is onaoing within MOSCOW) will eventual!y conver 


Listed below are fhe three main reasons MOSCOW must be 


recalculated ta produce this *convercqences 


Fiest, vehicles are assumed to be uniform!y distributed 
throughout the battlefield. The distance each unit must 
move UR the desired combat power ratio is attained 
CRaquation 4) is, therefore, inverseiy related to the density 
of the wnits” Ipetnewzone. In other words. if tnere is ¢ 
nian density of vehicles in the zone then the movement time 
is !ow and vice versa. The density of the vehicles is a 
function of the output of the model, theretore, the moeceme. 
Output depends upon itself. Note, however, that an increase 
in the number of units on the battlefield will result in an 


increase in density which decreases the movement time (to 


accumulate combat power? which in turn decreases the number 


10 


of units required Cin the zone) and therefore. the system of 
relationsnips is loaically converaent. Meet . ee elo) 
Secondly, aic support and the other Supporting forces 
(such as Corps artillery units)? are responsible for imposing 
a certain average amount of delay per day. some of these 
supporting assets (such as air support interdiction) attrit 


the enemy over the course of the entire campaign Ca campaign 


could possibly consist of several battles). Therefore. In 
longer campaians, the average delay per day of 4 fixed asset 
will be lower than that of a shorter campaian. Tnus. of 
increase in campaian length will] lower the averaae ce'lay per 
eee ewnich in titen wil] cause the enemy forces td Rave 4 
niaher advance rate which wil] lower the campaian Jengarn ano 


therefore, again. the system of relationships is converagent. 


Met. 1: p. 1603 


Pons |) Vee 1 Slane tT Veen opposing. forces wil! be 
sma!iler as the battle progresses. tae Coser “Che orerces 
the more lethal the attacker becomes. As the attacker 


becomes more tethal, the time needed to impose 4 specified 
amount of attrition upon the defender will] be lowered. 
tmerefore, the distance between the opposing forces can he 
larger which tn turn will Jower the attackers lethality 
Tee m Will am turn inerease the time of the battle and. 
aqgsin, these relationships are logically converaent. [(Ref. 


me D. 1/6) 
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Tne three reasons listed above explain the need for 
recalculation of the MOSCOW spreadsheet. Because of tiller 
it is not possible to "See" Sihe) Ge sine eS eee eee 
progresses but only to "“see" the starting conditions and 
2 ighe | jererefoluelc . The reliance of MOSCOW upon the Lanchester 
square law for attrition, combined with a dependence or 
having simultaneous equations eventually converge, is an 


area for further improvement. 


C. PROBLEM AREAS 

Although the basic structure of MOSCOW is built upon the 
need for a mode] that can output data based upon a specifiec 
outcome, it stil] lacks the ability to troperly hNhanc lemeeee 
Corl Owe. OU -aeeas- 

AS previously mentioned, MOSCOW assumes that the ratia 
of the number of indirect weapon systems to the total farce 


eae ee 
feet seae Mee Niet eral: 


uf 


ins =onstant Chrougqnoaut” wwe encaoemen te Tf we are 


nu! 


Vanta 


oOo believe this assumption, then any attrition delivered to 


) 


ct fire forces will nave proportionally the same errea: 


el 


r- 
L 


TD 


On /inGgirectmrerre trorces. Common sense tells us that In any 
tank heavy battle, the direct systems wil! suffer a Wine, 
lar@er attrition rate than the indirect systems simply 


because the direct systems Ctanks) are engaced in a close 


f 


combat battle while their supporting indirect elements 


Cartillery) are some distance to the rear. 


eo 
ie) 


Additionally, once the initial forces within MOSCOW have 
been aggregated, all subsequent units must be of the same 
composition. Independent units such as a Separate artillery 
brigade or an armored brigade could not be included in the 
Simulation since their compositions are vastly different 
than a standard armored or mechanized infantry division 
Ce.g. an artillery brigade consists of 244 howitzers and 0 
Tonks 2 . 

During any engagement, the attacker continues to assault 
mae Gdetender until one of two conditions are met. First, if 
the attacker successfully achieves a desired level of 
attrition on the defending force, the attack ceases. 
weaned, if tne attacker “Is annihilated, then the attack 
again ceases. Common sense would normally prevail in the 
second case and the attacking commander would cal! off the 
Greeack prior to his unit’s @mestruction. 

Finally, allocation of indirect filres is simply omitted. 
A variable is needed to determine the percent of indirect 
mine that should be placed upon the enemy’s direct and 
indirect fire weapon systems. 

In attempting to resolve the Iimitations within the 
MOSCOW model Cand the ensuing problems listed above), a 
meterogeneous Lanchester attrition equation is proposed that 
Poraeacee Wee oCCOURLS "TOR e tne Seffects due to direct and 


indirect fire systems. 
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lll. DEVELOPMENT OF THE GET EROGHNEBUS VeunE 


A. MODEL APPROACH 
The heterogeneous mode! was developed to show a 


different approach to attrition analysis. By sSeparatin 


ae 


the effects of direct ana  inigiingiect fees individual 
contributions of each system can be further analyzed. 
MOSCOW uses a deterministic approach involvina 4a system 


of simultaneous equations because its attrition equetion 


(square law) has a closed form solution. The heterogeneous 
mode! will also use a deterministic approach, but 2a clased 
form Seri © wen 1S not generally re Okage wher & t tus 


equations involve the use of both the square and |inear law. 
AS a result, the heterogeneous mcde!] wil! use a time-step 
aitagorithm for calculating We@emeat “attri tic. Appendix A 
contéeins the actual program code with detailed variable 
descriptions. A listing of the inputs used with the proararm 
can be found Ym Appendix BE. Further information ong 
Lanchestrian theory of attrition can be found in reseerch by 


Tayler (Reft266]- 


B. MODEL ASSUMPTIONS 
The heterogeneous mode} separates the effects of direct 
and indirect weapon systems. Since the effects of these 


systems will be calculated separately, every engagement 
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Will, therefore, have four weapon systems available for 


ini 


ty 
ot 
a 


attrition purposes. The weapon systems are / 4: 


Cf) 
"TL 


2 


isa 5 an 


TABLE 1. WEAPON SYSTEMS AVAILABLE IN AN ENGAGEMENT 


Force Type of vehicle 
2 Blue direct 
ose Blue inGaipec: 
S Red Girect 
lis Red MiGPreeecl 


"Blue" represents friendly forces and "Pea" refers ta the 


enemy force. 


C. ATTRITION MECHANSIMS 

Table 2 lists the weapon systems attcition retationshrips 
which are possible in each engagement in the proposed mode!. 
Sroniticantiy, there are no Firer-larcet relationsnips for 
Girect fire systems to engasce indirect fire targets. The 
elimination of these relationships from the mode: !s bsased 


a sms}! 


~~ 


; 


Ormethe assumption that this type of “attrition make 
Somerioucpon tor total SPaetuletiela. atiriation. Ths) 1s 


IEC AUWSe ee erik Pncdi rect fire weapons are Gdoctrinely 


oe 


SOSi iE Penea Co precitide the possrbplrlity of attack trom direct 
fire weapons. Table 2 lists the Firer-Target relationsnips 


contained in the proposed attrition mode). 


{3S 


TABLE 2. FIRER VERSUS TARGEI WA) Dowie. 


Pee Lanes t 
ee Je Ue Gl Geet reg eo Pee « 
Zea lue INnG@irecs: Red Gisec: 
3 Blue indirect Red indirect 
4. Red direct Blue direct 
OM ee SiivecHite cr & Blue Gigec! 
5 Se keCeine rect Bivue @ana! rect 
1. Lanchestrian Linear Law 


The linear law is used to mode] attrition from area 
fire WeaPpens- This law gives no advantage ta concentratina 
forces on the battlefield. As sucn, this relat ionsh ae 
otem used to mode] indirect fire Cartillery>) weapons [Pef. 


4). Equation 7 1S am example of t7] eeinesar 


en 
~J 
4 


aX/ dims sexy 


Where, 
x represents the number of targets 
POPE CSentS Tee miemec’ samara 
a, |}s the chance in the ~ force 
dt is the change in time Ctime interval) 


a is the awene i eren=cocftficien: 


Simply stated, the linear law shows that the 
resulting attrition to an enemy force is eetiunct ion of Some 


the number of targets and the number of firers. The 


tS 


“Sern oOnmeoettricrent wage 1s calculated trom severa! inputs. 


Mec Units of a. are: 
| er eer at ebm 2 KPa aemet se) Cumit time? 


2. Lanchestrian Square Law 


Peer) Cheer oGucce me wweliGCeC lie Tiles soysvems, ona (the 
other hand, is often modelled using the Lanchester square 
law attrition (Ref. 7]. This law models that aspect of wer 
where individual targets can be identified and attacked. 
Pees] a Maem oet “ammecd fire” and therefore typireel|y used 


Mrtiy cirect fire weapons. Eauation 8 shows the Square |]aw 


meommuilation. 


20) 
Vy 


Coie = Shy ¢ 


Where, 
Y represents the mumber of firers 
ds is the change in the x force 
adit is the change in time Ctime !nterval >? 


Pees (he attrition coefficient 


Maemunits of the attrition coefficient b, are: 


Gaekd | ech -Cfet Tres me cuns «.  Cime? 


Someevenircle Attrition GCalculation 


Weing the intoritattoen., trom Table 2;— Figure I! 


illustrates the Bl eee Were that wil] OCHOA OBS given ar 


ii 


engagement. Note that the direct fire systems of both 
forces are attrited by the opposing direct and Indirect fire 
systems, and that indlrect flre systems are only attrited by 


indirect fire systems. 


BLUE 


INDIRECT 





Figure 1. Attritlon by different weapon systems 


With Blue as the xX force, and ked as the Y (ie@eus 
Table 3 shows how the Iinear law and the square law canbe 
applied to describe the attrition casualtles produced by 
each type of system. Subscripts indicate different 
attrition coefficients. Explanations of the variables used 


to calculate the attrition coefficients are in Append|x C. 
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TABLE we.) APEC ABEE vA iat oh EQUATIONS 


Piece: Target Pu Pons egquat 1 on 
Blue dlmeet Red Ol elec. arp/dt = -arAn 
Blue indirect Red Gicect iy Ot ee 1 
Bue. ihe! recr ealOle aaiig| Piatatane Gry dt = eee 17 
Red direct Blue Gitect ae = yo 
Req Snateect Blue Gliigect Cy Cle = Seat! 7 
Red indirect Blue indirect CoG a ee 7 


Pl ourpempesSnevs that direct@piret@a tri tien formeach force 
results Pe om a combination of Greece oor. ane 
Mecurect-direct fires. By combining the appropriate 
equations, Chem Cet elene Bea ONS wen tor. ~direct Poe 


systems Cof both ™ and Y) are: 


For the “” force Cnr 7 dt = =e - boxpry 
ana 
Por the Y torce Gi Gl = sain = Geo sg 1p 


tae Compan isom, InNGditecl esystems are attrited only hy 
opposing indirect systems Ccounterbattery battles). The 


resulting attrition relationships are: 


moore tee > force a Gik = moe Ny Ly 
and, 
Ber the Y force Gis Aen = -AQXT YT] 


sd 


D. DIFFERENCES BETWEEN THE TWO MODELS 


Although many similarities exist between the two models 


(MOSCOW and the heterogeneous model), there are some 
differences. To understand the development OF the 
heterogeneous mode! , these differences need to be 


ll luminated. 


1. The Changing FLOT ¢Front Line of Troops) 
MOSCOW iterates Crecalculates) Its simultaneous 
equations until convergence. At the polnt of convergence, 
the average distance between the two forces !s calculated 


using the following equation. 


initial distance + final distanc 
average distance = SeuLO Sn cea ISTE (9) 


y 


The resulting answer Is then used as the dlstance between 
the two forces throughout the engagement Cas if they had 
remalned statlonary). 

The heterogeneous model, on the other hand, 
calculates the distance between the forces for each time 
Interval (the time-step interval). The speed of the unit 
multiplied by this time Interval computes the distance moved 
In the time Interval. Calculatlons that determine venictuiianm 
speed are shown In the followlng example. 

The vehicular speed of the Blue’s Indirect forces 


has an Input value of 25 kph. If the commander estimates 


20 


mae ec any moment Th "tne Battle approximately 273 of his 
mee yi | oe firing WAlle the rémaininag 173 will be movine. 
then the speed calculated for the indirect force is shown in 


Beuation 10. 


C25Nkpnhy C173) + GUmkphoige 23> =seeSSoekph CL 


Therefore, the speed af 8.35 kph would be used for Blue s 
indirect vehicles. The values for the indirect vehicles are 


meen an illustration by Hoffman [Ref. 8: po. 24-25). 


Ze Allocation of Fire 
Decisions are made by militarv commanders to 
Memrcate certain portions of their force against a specific 


Mim. ion Of the enemy Ci.e. GO% of the indirect force may he 


cut 


@eeicated to fire only at indirect fire systems while the 
Memeinina “70% may be firing only at the direct iire 
syetems). MOSCOW does not have a mechanism to describe this 
aprocetion. Tne heteroceneous mode! uses an ésdditional 
meeecoie within attrition coeffrement caiculations to permit 


1 


pemeeoec;r }mption of 4a Specific force allocation scenaria. 


3. Attacker Annihilation 
MOSCOW fails to determine a breakpoint at which the 
attacker will quit the battle should he receive a |araqe 
mimoumt of attrition. Without this feature, it is possible 
Moat the attacker, in an attempt to attrit the enemy. wil! 


peer ack Uniti: he rs annihilated. Tnis cleariy makes no 


sense. The heterogeneous mode] uses an input that allaws 
the user to determine a maximum leve] of attrition ne Is 


willing to receive in an attack. 


4. Range Degradation 


An additional factor used in the heterogeneous mode] 


accounts for degradation of weapon performance 46s a function 
of ranqe. Bonder, [Ref. 7: pp. 30-32] derived the following 


equations from his studies on range dependency. 


i— 
> 
VA 


Gye Gt=—w—a() . ( 


Ge Git a Cm Cre 


In Equations 11 and 12. the value of the func eae 


is derived from the following formula: 


ry 

is 

5 
(om 
-—= 
(x) 
NZ 


= a y= = — re) i ies i i 
UGC) ag Gli 1c CO segue << se 


JV 
— 


0 £ Om a 


Where, 


trems amc 


1% 
J) 


r ls the Current Gange of the (we Toppesiigc es. 


max is the maximum effective range of the weapon 


u is the exponential factor, unique for each weapon 


system. 


Figure 2 shows the effects of different valuesS@acum 
i RRB io nme: Tanks, as direct fire weapons, would use 
values Of “Ue! ose sto... At short ranges, there would be a 


hick probability of skill, sane atgliencereeanees a Wines 


Ze 


relationship with a lower probability of kill. Acoli Vvery . 
on the other hand would use a much smaller value of u (close 
to O) that would Indicate a very smal! range effect on the 
probability of kill Crange has a small effect for artillery 
unless the range is either less than the minimum range of 
the weapon or beyond the maximum range of the system). 
Probability of kill for both weapon systems reaches zero 


when the range exceeds the maximum effective range. 


DIFFERENT VALUES OF MU 
IN THE BONDER EQUATION 


1.0 


MU~.1 


0.6 0.8 


0.4 


PROBASILITY OF KILL GIVEN HIT 


0.2 





0 1000 2000 | 3000 
RANGE IN METERS 


Figure 2. Various values of u for the Bonder range 
equation 


E. BREAKPOINT CRITERION 


1. Attacker Breakpolint 
As previously mentioned, a primary difference 


between the heterogeneous model and MOSCOW is that MOSCOW 
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has no breakpoint criterion for the attacker “CC! ) cen 
attacker can possibly attack until] Nis annihilation). The 
criterion used jin the heterogeneous model] 1S an input value; 
i.e. the user inputs a value representing the maximum amount 
of attrition he is willing to accept white cont inuinauan 


bulacan 


<2. Defender Breakpoint 
Determinina the breakpoint criterion for the 
defender is a different process which involves the foi lowing 
Dat omewer Ss. 


t. ATKDES-Tne attacker’s desired attrition upon the 
defender (e.g. 75%) 


DEFDES-The defender’s tolerable attrition should he pe 
attacked, Ce ,a, suse 


tN 


G 
Sw, 


NISENG-The fraction of engagements that the attacker 

is able to dictate the duration ‘e.a7 830.2 Thies 
Variable attempts to illuminate a force ’S Ab) = Ie 
‘contre! the lenaqth of Fipemen..)c- 


To illustrate this process. consider the fg] ]owina 
“Fi G. 


example: Blue attacks Red and desires to attrit Ped iia 


Blue  j ajso able to dictate 80% of the cdi:c avi ieees 


Uf) 


enaagements. while Red desires to lose no more than 5SO% af 
nis force should Blue attack. MOSCOW Cand the heterogeneous 
model) use the following formula CEquation 14) to determine 


the defender CRed) breakpoint criterion. 


Defender Breakpoint=DEFDES + CDISENG x CATKDES-DEFDES)) (14? 





Using the values from the example above, the 


resulting defender breakpoint criterion becomes: 


Defender Breakpoint = .5 + €.8 x €.75-.5)) = 70% attrition. 


The value €70%) indicates that although the attacker 
(Blue) wishes to attrit Red by 75%, he only "controls" 80 
percent of the engagement, and therefore is unable to 
achieve his desired attrition level. Rede on the “other 
hand, desires to lose no more than 50 percent, but is unable 
to control the flow of the battle, and is therefore forced 
to continue defending until he reaches 70 percent attrition, 


or Blue reaches its breakpoint (whichever comes first). 


3. Artillery Breakpojint 

For both Red and Blue indirect forces, the 
breakpoint attrition level is an input value. When this 
value is reached, all of a force’s indirect fire systems are 
Gomsidered to be ineffective and no Jonger participate in 
the battle. The remaining indirect systems cof the 
effective force) then change their allocation of fire and 
concentrate 100 percent of their fire on the opposing direct 
fire systems. If a direct fire breakpoint is reached, the 
G@irect fire battle ends immediately and indirect fire 
systems on both sides concentrate 100 percent of their fires 
on a counterbattery battle Cwhich may last much longer than 


the direct-direct battle). 
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F. VALUE OF THE HETEROGENEOUS MODEL 
The mode! was developed for several purposes. First, it 
can be used as a tool] to assist commanders in their decision 
making process. Commanders are allowed greater flexibility 
in changing their force structure by (determining ene 
possible consequences of their decisions as a result of each 
weapon system’s independent at. Ur lubone Additions of 
non-homogeneous units Cl.e. artillery brigades) are not 
allowed in the current version of the MOSCOW model. 
Additionally, the mode! forecast force augmentation 
configurations necessary for Success givéehea predicteomeee 
threat scenario. Finally, the heterogeneous simulation may 
be stopped at any point In the battle for analysis and then 


modified and continued if desired. 
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IV. ANALYSIS OF THE HETEROGENEOUS MODEL PERFORMANCE 


A. ANALYSIS WITHIN AN ENGAGEMENT 

Models are designed to simulate possible outcomes of 
engagements given certain input conditions. Since these 
battles have not actually occurred, real data for comparison 


purposes are not available. Therefore, analysts are left to 


Ch 


ssess a model’s validity by evaluating its performance 
according to expectations based on informed judgement. 

By comparing the results of one mode! with those of 
another, model differences can be seen by Specifying a 
common scenaria. Analysts can then gauge the degree of 
"within engagement" difference between the two models 
mepresentations of battle processes. If these differences 
are relatively small, then there is arguably no aifference 
between the models and the choice of usinaq one mode] over 
another must be made based on other criteria such as 
Semeutational complexity, ease of use, or other factors. 

Geocomp at Som Of MOSCOW Sucurreat® sattrition process “and 
the heterogeneous attrition model is especially simple using 
Mme ratio of the numbers of indirect to direct fire weapon 
systems. As Hoffman [Ref. 3] shows, the assumptions 
underlying the current MOSCOW attrition process fix this 


ratio as a constant value of the systems present at the 


start of an engagement. Using the heterogeneous model, the 


Zl 


value of this “ratio “eyercally fluctuates during— an 
engagement. Figure 3 shows a comparison of how this ratlo 
varies for the proposed heterogeneous attrition model and 
the performance of the current MOSCOW attrition algorithm 
during a hypothetical engagement. 


PERCENTAGE OF BLUE’S INDIRECT FORCE COMPARED TO 
THE DIRECT FORCE DURING AN ENGAGEMENT 






HETEROGENEOUS MODEL 
RESULT 


12 


CONSTANT INITIAL RATIO = 0.0777 


4 


PERCENTAGE OF INDIRECT TO DIRECT SYSTEMS 
8 


0 20 40 60 
TIME IN MINUTES 


Figure 3. A comparison of the ratio of Blue’s indirect to 
direct weapons for MOSCOW and the heterogeneous mode] during 


an engagement. 


Model inputs for the initial force levels are shown in 
Table 4. These inputs were derived from simulating an 
engagement of two Red ‘¢Soviet) divisions opposed by a Blue 
CUPS: J aEeace The Blue force is attacking with a 


four-to-one advantage In total weapon systems. 
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TABLE 4. FORCE STRUCTURES OF A HYPOTHETICAL ENGAGEMENT. 


Weapon system Number of Vehicles 
Red CiGkec tent ire 1557 
Red indirect fire 424 
Blue direct fire 6228 
Blue Indirect flre 484 


A statistical measure of the degree to which these 
ratios differ is given by the R# statistic defined by 
Equation 15 (Ref. 9: p.640). This is an application of the 
R2 statistic common to regression analysis. In this case, 
Re provides a measure of the degree to which the constant 
ratio result of the current MOSCOW model agrees with the 


results of the heterogeneous model. 


Re = | -———___ (15) 


Where, 


y is the average value of the sum of the vies 
y; is the value of the heterogeneous mode! for i=1,2,... 


c 1s the constant Initlal force ratlo value (0.0777) 


a7 


In this case, R* has a value of -0.2066. Therefore, by 
this statistical comparison, these two models do not give 


equivalent representations of combat attrition. 


B. BETWEEN ENGAGEMENT ANALYSIS 
1. Red Force Allocation Scenarios 

Recall that MOSCOW not only assumes a constant ratio 
of direct to indirect systems within a single engagement, 
but also uses this same value for. al) engagements. 
Therefore, another way to assess model performance is to 
analyze a model’s responses over a range of plausible 
scenarios to see if results are reasonable Cfollow logical 
attrition expectations). For this analysis, five scenarios 
represent a likely range of force allocation options for the 
Red force given a fixed number of combat systems. Start ime 
with a basic scenario representing the doct & mel 
organization of two Soviet maneuver divisions (1849 total 
weapon systems), these scenarios contain different 
allocations of direct and indirect fire systems. While the 
total number of systems is hel@ constant, the dititerencoouas 
allocation Cor force mix) are those which could conceivably 
result from changes in doctrine, constraints imposed by 
logistics, of prior destruction of forces by enemy "ectweme 
The inté@€meeeort theses scenarios §isetomportsa,  —NOO Fone au 
doctrinal employment of Red forces, but also a range of 


force allocations. 
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There are two obvious allocation options which a Red 
force commander might face. The first is a situation which 
produces a shortage in indirect fire Cartillery) systems. 
This might result from enemy action which has attrited these 
systems and a logistics system which is unable to provide 
timely replacements. Faced Withmeeenis clrcecumstance, a 
commander may decide to allocate additional direct fire 
Ctank) forces. Thus, the doctrinal allocation of weapon 
systems has been necessarily altered by the realities of 
combat. Similar reasoning easily constructs) situations 
eompelling the second allocation option; a case where 
indirect fire systems are used tom make up a shortage in 
G@igect fire means. The resulting force allocation indicates 
a necessary preponderance of indirect fire assets. This 
Gange of options is seen in the force levels for the five 
scenarios considered in this analysis as seen in Table 5. 
scenario 1 is the case where Red is short of indirect fire 
Systems and attempts to compensate by adding direct fire. 
scenario 5 is the situation in which additional Red indirect 
fire weapons redress a shortage of direct fire systems. 
Seemario 3 is the doctrinal or base case allocation of these 
systems, while Scenario 2 allocation falls between Scenarios 
1 and 3 while Scenario 4’%s allocation is between Scenarios 3 


and 5. 
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TABLE 5. VEHICLE BREAKDOWN FOR THE FIVE SCENARIOS. 


# of Red # of Red Percentage of 
Direct Indirect direct systems 
systems systems to total systems 
Scenario i 1749 11016; 94.6 
Scenario 2 1653 196 89.4 
Scenario 3 155.0 292 84.2 
Scenario 4 PASS 396 78.6 
Scenarlo 5 1349 500 (250 


2. Four Cases of Blue Force Allocation 

Each Red force listed in Table 5S can be compared 
against four Blue force allocations. Current military 
doctrine (Ref. 2] suggests the attacker should have between 
three to five times the force size of the defender. 
Therefore, for this analysis the Blue force will initially 
have three times the number of Red direct fire systems in 
each scenario Capproximately 4-5 U.S. divisions) and 
represent the base case for Blue. Three other cases are 
developed for the Blue force by a)? adding one additional 
division ¢€1000 direct vehicles, "pure direct"), Db) adding 
700 indirect vehicles representing three artillery groups 
C"pure indirect"), and c)d a combination of a and b above 
("balanced allocation"). Table 6 represents the twenty 
combinations of Red and Blue force structures that are used 


for analysis purposes. The first number in each column 
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represents the number of direct flre systems of the Blue 


force and the second represents the number of 


systems. 


BABLE Ga 


scenario 
ocenario 
ocenario 
Scenario 


Scenario 


Effectiveness 


Weapon 


1 
 2SUUZs00 
9000/300 
4700/300 
4400/7300 


4100/7300 


system 


CASE # 

Z 3 
6300/300 =csou7 2000 
6000/300 5000/1000 
57007300 4700/1000 
5400/7300 4400/1000 
5100/7300 410071000 

AC uigiterOmmw as ) “co 


indirect fire 


BLUR MBORCE STRUCINEES USENSINSEACH SCENARIO 


4 
2800/650 
5500/7650 
200/650 
4900/7659 


4600 “650 


Measure of 


the friendly force commander desires ta 


minimize nis casualties while maximizing enemy 


The heterogeneous mode] 


attrition components, namely, the 
weapons on each side. It is natural] 
memerautrition of these 
effectiveness (MOE) which characterize 


This is because 


it jis logical 


represents tne 


Greco t 


casualties, 


rmreerac elon Ore «Our 


and 


Wavowmaiciens 


EomwuSse co Comper! sonmot 


components aS measures of 


to assume 


any aliven 


beyond a certain point equates to defeat. 
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that 


battle. 


SE Graton 


4. Analysis 

Because the heterogeneous mode] separates the direct 
and indirect fire attrition effectS, results Can be UsSecuee 
depict the individual contribution of each system to enemy 
autre erenr MOSCOW is unable to ado this Since 1t "cannen 
change the "flxed” percentage of Indirect fire regardie=—mar 
the Red and Blue force sizes. Figure 4 diplays a typical 
example of how Indirect fire can separately contribute to 
the enemy’s attrition. The chart represents the percentage 
of Red direct fire casualties caused by Blue direct and 
indirect weapon systems. Blue’s force structugeuine 
displayed on the X-axis by the number of direct and indirect 
Pige Soyo uence Tne numbers above each bar are the actual 
number of vehicles killed by the specific weapon system. 
Even though cases 2 and 3 both attrited the Red direct fire 
systems to the Red breakpoint criterion (70%), the relative 
contribution of Blue indirect versus direct vehicles is 
distinctly different for the two cases. Furthermore, a 
comparison of cases 1 and 3 shows an increase in Rea 
attrition (366 vs. 640) when Blue’s indirect vehicles are 
increased from 300 to 1000 and holding Blue’s direct 
vehicles constant (5300). The Contribution of indirect mies 
is significantly more in case 3 than In case 1. Appendixes 
iS a collection of graphs depicting alternative methods of 
representing separate attrition effects that” occur in wom 


engagement. 
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TOTAL RED DIRECT FIRE CASUALTIES 
SCENARIO 1 


100 
O RED DIRECT KILLED BY BLUE INDIRECT 
[] RED DIRECT KILLED BY BLUE DIRECT 


80 


424 


366 
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> 
oO 


PERCENT KILLED 


20 





5300/300 6300/300 5300/1000 5800/650 
NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 


Figure 4. Total Red direct fire casualties, Scenarlo 1 


When the Blue force has a large amount of Indirect 
weapon systems, the counterbattery battle !s over quickly 
and therefore Blue 1s able to concentrate on attriting Red’s 
direct systems earlier In the engagement. An analysis of 
Figure 5 Indicates that although Blue has caused Red to 
reach its indirect system breakpoint criterion ¢€70%) in 
Smses 2,0, and 4, the resulting percent attrition suffered 
Myeepiue iS hot the same. In other words, case 3 
demonstrates that Blue overpowers the Red Indirect force, In 
turn recelves essentlally the same number of casualties 
Calthough a much smaller percentage) and contributes 


Significantly to Red’s direct vehicle attrition ¢CFigure 4). 
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Because MOSCOW cannot calculate the separate effects caused 
by indirect fire, this entire analysis Is not avallable with 


a square law mode] using a single "generic" weapon system 


type. 


COUNTERBATTERY CASUALTIES 


SCENARIO 1 
100 
C} RED INDIRECT KILLED BY BLUE INDIRECT 
( BLUE INDIRECT KILLED BY RED INDIRECT 
80 
70 71 71 
z 60 me 
= TE 8 
lid so : 
eo) . pt. 
40 fb |. oe 
7 & iy “187 
, 





5300/300 6300/300 5300/1000 5800/650 
NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 


Figure 5. Counterbattery casualties, Scenario 1 


The following graphs (Figures 6-10) Illustrate the 
entire range of Red scenarlos. Analysis of these graphs 
shows that the Blue force performance is heavily dependent 
on the Red force composition. Note the trend displayed on 


each graph as the Red scenario changes. 
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TOTAL RED DIRECT FIRE CASUALTIES 


SCENARIO 1 
100 
O RED DIRECT KILLED BY BLUE INDIRECT 
[7 RED DIRECT KILLED BY BLUE DIRECT 
80 
281 640 
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5300/300 6300/300 5300/1000 5800/650 
NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 





Figure 6. Total Red direct fire casualties, Scenario 1 


TOTAL RED DIRECT FIRE CASUALTIES 


SCENARIO 2 
100 
CRED DIRECT KILLED BY BLUE INDIRECT 
() RED DIRECT KILLED BY BLUE DIRECT 
80 
306 578 442 
5 60 355 
Se 
z, 716 
40 
Lil 
pals 
20 





5000/300 6000/300 5000/1000 5500/650 
NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 


Figure 7. Total Red direct fire casualties, Scenario 2 
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TOTAL RED DIRECT FIRE CASUALTIES 


SCENARIO 23 
100 
O RED DIRECT KILLED BY BLUE INDIRECT 
O RED DIRECT KILLEO BY BLUE DIRECT 
BO 
5B5 464 
297 
OQ 
: &0 342 
<< 
S 
C3 
2 40 
CG. 
20 





4700/300 5700/300 4700/1000 5200/650 
NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 


Figure 8. Total Red direct fire casualties, Scenario 3 


TOTAL RED DIRECT FIRE CASUALTIES 


SCENARIO 4 
100 
O RED DIRECT KILLED BY BLUE INDIRECT 
O RED DIRECT KILLED BY BLUE DIRECT 
80 
565 566 469 
a 262 
“| 60 
Z 
b 
iJ 
© 40 
4 
GC. 
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4400/300 5400/300 4400/1000 4900/650 
NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 


Figure 9. Total Red direct fire casualtles, Scenario 4 
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TOTAL RED DIRECT FIRE CASUALTIES 
SCENARIO 5 





100 
O RED DIRECT KILLED BY BLUE INDIRECT 
{ RED DIRECT KILLED BY BLUE DIRECT 
80 
472 
: na 329 
Zz 
244 
& _— 244 
ui 475 
389 389 
20 
4100/300 5100/300 4100/1000 4600/650 


NUMBER OF BLUE DIRECT/INDIRECT VEHICLES 


Floure 10. Total Red direct fire casualties, Scenario 5 


Three comparisons wlll be discussed In detall using 
the five graphs. First, Case 2 demonstrates the Importance 
eres augmenting the Blue force with a comparable type 
eect ition weapon as that used by Red enemy force 
augmentation. This implies that as Red augments with direct 
fire systems, then Blue should do l|ikewlse. In the first 
three scenarios, Case 2 Is able to maintain a 70% direct 
mime casualty attrition on the Red force. Butyweevnen Che 
scenarlo changes to elther scenario 4 or 5, Red’s attrition 
is below Its breakpoint criterion (l.e., Blue !s no longer 
mole to cause Red to lose 70% of his direct fire systems). 


This result occurred because Red’s composition was 
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Increasing in Indirect ftiré systems the Rie once ee ee 
auamenting with direct systems Cvehicle mismatch) and, 
therefore, Blue is unable to attrit the Red force as much as 
in the earlier scenarios. Given the history of mechanized 
warfare in the twentieth century, this relationship seems 
EeasSOnaole. 

The second comparison involves the third Blue case 
("pure InG@ireee > . In this case, the Blue force has 1000 
indirect systems while the Red force Initially has only 100 
(Scenar 1 ome As mentioned earlier. this larae weapons 
catio €10:13, allows Blue to easily defeat the Red arti iam, 
and assist early in the direct attrition battle. Bu teeta: 
the Red force increases its number of indirect vehicles 
(Scenarios 2-5), the Blue force must allocate more of its 
weapon systems to the counterbattery War and therefore wna 
fewer systems remaining In whith to assist In the Vagos 
attrition battlem Finally, in Seenaria S, the Rea tence 
accumulated sufficient indirect systems so that the Blue 
indirect systems are kept at bay and therefore their 
contribution to the direct attrition is severely ,eamere 
Cfrom 640 to 244). 

The third comparison involves the auaqmented mix 
version of Blue’s force structure (Case 4). SCenar fous 
clearly shows that while the attrition of Ked decreasecmaen 
both Case 2 and Case 3, the augmented mix structure of the 


Blue force was able to cause Red to be attrited to its 
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Seranpoint. In fact; Gace 4°S attrition on the Red torce is 
70% for all five scenarios. Therefore, as the enemy farce 
increased the ratio of its tndirect fire systems, an 
evomented mixed force did consistently better than elther a 
Meese direct" or “pure indirect" addition. The reason is 
that as Red’s force structure changed, Blue’s composition 
changed to meet the new threat Ci.e. a “pure direct" or 4 
"pure Indirect" augmentation fared worse than a balanced 
aucmentation of both direct and indirect systems>. Case 4’s 
auamentation of Indirect systems was able to offset the 
Micrease jin Ped’s indirect systems. As more of Blue s 
indirect systems were used to fiaht the counterbattery war 
Cresulting from Red’s increase in indirect weapons), the 
BeSulting decrease of Blue’ Ss indirect effort of attritings 


the direct forces was offset by the augmentation of direct 


f} 


eystem 


foe 


f 


ee CONCLUSION 
The importance of a heterogeneous allocaticn anda 
attrition mode! is that it allows analysis to be conducted 


both "within" and "between" engagements by using different 


force structures for the Blue force. The previous arapns 
demonstrated that although an auamented mix version of 
Blue’s force structure tends to perform wel! Pee ofl 


scenarios, the "best" Blue structure is heavily dependent 


upon the composition of the Red Cenemy) force (Cdifferent 
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force mixes for Blue produce different results when face 
Similar Kea forces 3] MOS@GOW, onthe other hand, iS Wieleue 
to alter the force structures for citterecn™ enaaecnoaee 
Tnerefore, over a range of five different and plausible 
scenarios, the heterogeneous mode] demonstrates proper 


battle dynamics which the MOSCOW mode! cannot show. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


The development of MOSCOW by Philip Romero was an 
attempt to fill a void in current combat models. It has 
been noted, however, that there are problems as the model 
currently exists (Ref. 3], but it is this author’s opinion 


that as an individual project, Romero did a good job. 


A. CONCLUSIONS 

The use of certain assumptions within MOSCOW pose 
limitations in analyzing output and therefore tends to 
overstate or understate the actual] remaining force 
structures. The reason is simple; MOSCOW offers a trade-off 
in model complexity for resolution by using ae single 
meeition coefficient. Onin sether Inand, tne use sof a 
heterogeneous model, although more complex in its attrition 
development, appears to provide adequate results and clearly 
overcomes the conceptual problem of treating indirect fire 
in a Lanchester square law context. 

Tf MOSCOW is to be useful, then an appropriate mode! 
should allow for the introduction of different force mixes 
to be used in analysis given varying threat compositions. 
Semmancgers do not think in terms of generic unitS but rather 
mm terms of direct and indirect forces available for use in 


battle. 
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B. RECOMMENDATIONS 
A heterogeneous Lanchester attrition representation 
capable of separately calculating the effects of both direct 
and indirect fire within the structure of MOSCOW would allow 
users to have more flexibility in developing their force 
COMPOSI tiIOnNS for eanal yt icalepumeoces. 
The development of a heterogeneous model could be used 
as a tool to determine the type(s) of Blue force structures 
that are best suited to warfighting given predicted 


scenarios for Red forces. 


C. POSSIBLE EMBELLISHMENTS 

Refining the internal programming of MOSCOW (or definina 
the specific approach) necessary to allow the insertion of a 
heterogeneous attrition representation is a broad area for 
future research. The intent of subsequent research would be 
to restructure the current version of MOSCOW so that it may 
maintain its concept of warfighting capability but have the 
flexibility to nandle Neterogeneous units as opposeqguaes 
Generic units. A further study involving the effects caused 


by the attrition of indirect fire systems by direct systems 


may be useful in the evaluation of future warfighting 
concepts. 

The heterogeneous model, as It currently exists, is a 
descriptive model; i.e., it describes the effects of certain 
input force structures. The development of a prescriptive 
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mode! which informs commanders as to the type of forces best 
Suited to war winning would certainly assist them in their 
mecisions. 

Finally, the development of an optimizing program 
(possibly involving a search for the "optimal" path) to 
determine the composition of the "best" Blue structure given 
a> possible choices of Red threats, or b>) a defined Red 
Eageat, would be useful to commanders. This method could 
involve network methodology that maximizes the minimum paths 
of one network while minimizing the maximum flows of another 


network. 
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APPENDIX A. PROGRAM CODE FOR THE HETEROGENEOUS MODEL 
The heterogeneous mode! was programmed in APL due to its 
ease in handling vectors and matrices. The actual cogemian 
the proaram is listed on the following pages. Once the 
initial inputs have been established Cand placed within the 
program code), the model cis simple _—=to Use. Fo! | owineme 
prompt, the user inputs his desired number of dirfecu—eaws 
indirect weapon systems. Calculations are then made such as 
the number of vehicles able to fire, the attrition ¢suseemiae 
each weapon system type and the distance moved sy these 
Sy Seema. Weapon systems are allowed to shcacot and move in 
every time interval. 
The percentage remaining (by weapor system) jc then 
@je je Vese The program updates al! variables ‘e.c. number of 


direct fire systems remaining? and conducts a check 1 (ae 


breakpoint criterion as discussed in Chapter 3. ] f enie 
breakpoints are reached, the mode] then caiculates the 
attrition that will occur in the next time intervs |] Uno 


system’s breakpoint criterion has been reached. 

At this point in the engagement (based upon the input 
data), a decision is made as to battle success or failure 
and outputs the results. Mode] run time is on the order Gt 
seconds. A sample output of the model is included at the 


end of the program listing. 


46 


Tne 16] lowipGawii ses 1S S Weseyiption of the variables 
Baet are used in the APL preeram developed for analysis in 
this thesis. 


1 re tee it LOMVcoett Cc Lemt “itmemkead ft irer. 

3) re Atel eron cOertrelcient Orme lwe Trilres. 

rece l) 2 eal hocation sot fire orier ity for Red firer. 

eco. ..Al location off8ftre priority for Blue. firer. 

Me Actual attrition to be amposed on keod force. 

meee, sss CUMUlaAtLIVe vector of Blue direct casualties. 

BaIMNS. ...Blue vehicles hits per minute calculation #3. 

ee Cumulative vector of Blue indirect casualties. 

mlRATI....Cumulative vector of Blue“s ratio of indirect to 
direct fire systems. 


meet! 2. Blue will stop the counterattack if Blue ceceives 
this much attrition. 

pmoMEkS....What Blue desires to attrit on the Ped force. 

BLWUDIP,...Percent of Blue direct vehicies surviving, 

Meo. .,Firing rate stor Blue firers, calculatior 2... 

Pree PIE Ina Fate tor Blue firers. Calculation 2. 

Meo f US. ALCtrition pate for Biue indirect firers 
Ca lou lat Loner 2. 

ime) Pinal abkirition gGetve for BlWwewindirect tirers vs. 
Blue direct. 

5 Finel attrition pate for Blue ingirect firers vs. 
Plus Wpelcec.. 

BLUIHD....Percent of Blue indirect vehicles surviving. 

BPANVA....Ranae variable for Blue vehicies. 

CABDRD....Cumulative casualties to Ped direct by Blue 
direct. 


Seeirel. ss. Cumulative casualties to Fed direct py Blue 
Vpalrect. 


CABIPI....Cumulative casualties to Ped indirect by Blue 
inaisect. 

CAPDBD....Cumulative casualties to Blue direct bv Ped 
Chiitecer.. 


e-. BD... -Cumulative casualties to Blue direct by Fed 
ric Lrecr . 

fer lrei. Cumulative Casualties to Blue indirect by Red 
mCvEec by 


Maobl sk. x Blue force direct fire system casualties. 
CAS ta Blue force indirect fire system casualties. 
OLD Se Total direct fire system casualties. 

CO eo. > ane Total indirect fire system casualties. 

Cael lon ae Red torce direct fire system casualties. 
GASRMige.. .. Red force indirect fire system casualties. 
GR iene sos Fiag for Biwe directs breakpoi nt. 

ee ae Flag for Blue indirect breakpoint. 

Ot erm. 02) Counver Variable (OF [nereasina furce Sizes. 
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CE ee Flag for Red direct Srea- point 

CRS Dae Flaq for Red and Blue direct Weees-ecin 

CePE ae Flag for Red direct and Blue indirect hreakpoint. 
CRT a eee Fiaq for Ped indirect breakpoint. 

Cr] Bien Flaq for Red indirect and Blue Gipect brea poem 
CPi Siw rae Fiag for Red and Bivie InGitectebreakpcin 

CUMRAN . .Vector of ranges each time interval. 


CURR OM ese 
CUA ie 


, VOCE ance forene! 
.Current range between opposing forces. 


times used in simulation. 


CURBR 2s Current range for Blue firers, Red targets. 

CUPRE mans. Current range for Red firers, Blue targets. 

CSERP sea. G3 Ercor Cdegracdataen. 

DELTAT....Time interval “memuUtes> or time ster 

DISENG....The fraction cf engagements In Vauenes) wee 
presumed to be able to dictate the duration Geman 
Bile cue 

DSMVBD....Distance moved by Blue direct vehicles 

DSMVB!I....Distance movee" Sy ebiue Imelceet van) S16 

DSMVERD....Distance moved by Red direct vehicles. 

DSMVPEI....Distance moved by Red indifect venicles. 

FIPPAM....Average firing rate per system when movine. 

FITRPAS....Average firing rate per system when stationary. 

HITRMM....Pcoobability of nit per round. flrer moving, |) Gems 
Mev hea. 

HITPMS....Probability of hit per round, firer moving, Cem 
SCalromary. 

Ai ee Sr. Probability of hit per rounds £iregestat 1 oem 
target moving. 

HITRSS....Probability of Wit per (Pater filer es 4: once 
target stationary. 

HIMINI....BIlt per mimg@ire Caliedl at heme: ie 

al Ee Hit per minthve calculation +2 

Lowe eee Counter used in doO=|O00D fOr (oOmeverie ec. 

ieee ~Initial number OfaGdipeeiet i ceyy ec We a Si 

eel gee -initial number of indirect fipemvemre les. 

J) eee Counter used in do=)oo0p for column ver i anise 

hILLHB....Probabl lity of Kill oiven ni Ceipee eo eves fl ace 

bl Cie ~-Probability of kill OGivVenbehit ?ogerea": team 

PP Be eee Kill per round probability for Biuwe indirect awe 

KPiak  fe0siaee Kill per round probabibhiey for Red indi reciaiaee 

LOBpP Lm. ,Casualties to Red direct by Bivgemaeecct . 

LOBIRD....Casvualties to Red Gdireetio, sige erect. 

LOBIRI]....Gaswialties to Red imeaitrect Gye iemrnelcect- 

LOPDBD...i.Castialties tomBlue cigecigo se comme t. 

LORIBD...,CasweTtles to Blue Gdipeet ye wecciumernec lt. 

LORIBI....Casualties to Blue indizecoss, Rocce rec 

MASEPPF....Maximum effective range of weapon systems. 

MI SCE Blue miscellaneous multipliers C€degradation?. 

MISCLE....Miscellaneous multip! 1e) “eecgmoaaeen for 
lethality. 

MISCP.....Ped miscellaneous multipliers (degradation). 
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fev U . 


Bi... - 
TL og 
NUMV 

EERMM. 


Oe 


mero . 


ROO. bo 


RANGE. 
aa 


BmeupES . 


PevuTR 


e 


° 


e ? 


Sind €4ia | 
-Cumulative vector Red direct casua!ties. 


° Sa 


~Misce] laneous mu!tiplier 


Number of 
~Percent 


€degradation)>? for 
i a nlbtaerees 

Weapon accuracy parameter used as an 
nets OP Girpeek tlie me oe es, 
InCiSeCIa tite Vvenrweles. 

of engagement firer movina, taracet 
Stat lOmary. 

Percent of engagement firer 
Stationary. 


Sooner! . 


movina, taraet 


.Percent of engagement firer stationary, target 
moving. 
Percent of enaqagement firer stationary, target 


Stationary. 


Starting range in meters. 


..What Red desires to be attrited by 6 Blue attack. 
~-Percent of Red direct vehicles surviving. 
ee ie MiGs makealor Red f{1@ers. Gaiemeeen | cme! . 


Beolrii... 
mewl De... 


he icine ica te er or 


ReEGewee recor CS lee at) Om. . 


ae eee et T lt lem Tate Hereres Ineirectm: brereumes cir) a* 2 or, 
ioe 

210 Final attr it rotmerate ro. keer itemeect tirecs va. 
Biue direct. 

1) Pipeaimattt lt VonNmectcm Or Ved Ifiiiesect 2irers vs. 
BIUesni ae! reece. 

oe... Percent of Red indirvrec. vehicles Survivine. 

heaePiNa....Red firers nits per minute calculation #s 

| Cumulative vector of Red indirect casuaities. 

RPANVA....Ranoe multiplier far Red vehicles. 

1) Current time in simulation. 

meorei......0ummy variable usec for OoUtput caleusations. 

Pee i BR. Percent of vehicles firing. Blue va, Pee 

fer kB....Perecent of vehicles firing. Rec vs. Biue. 

VEHSPD....Vehicle speed in meters per minute. 
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THE HETEROGENEOUS MODEL CODE IS LISTED BELOW. 
AINITIALIZE VARIABLES 
A 
ATIME INTERVAL AT IN MINUTES 
DELTAT<1.0 


COUNT+0O 
RD<0 


A 
AINITIALIZE COUNTER VARIABLES 
CBD<0 


CRD<0O 
CRI<0O 


D<0 
AaMU IS THE aga Pte as PARAMETER 
MUe 272 p 0.49 0 0 


4 
AKILL PER HIT en ere ae 


KI DEER. 2 “2250 20 015 24 
KILLXB<e 2 2 p 0.65 0. 1 % O14 
a 

LOOP80 


aALLOCATION OF EO ee ee 
ALLOIJ« 2 2 p 0.6 
ALLOJI« 2 2p 1 0. 7.0 0: 3 


A 
ANUMBER OF pee EES DIRECT 
NUMVED< 1557 29 

NUMVET+ 424 243. 


A 
AINPUT DESIRED_NUMBER OF DIRECT AND INDIRECT VEHICLES 
AFOR TRE BLEUE ORC 
wunveDtaie0 NUMBER OF DIRECT VERICLES'! 

Pane UT Dee NUMBER OF INDIRECT VEHICLES' 
NUMVET(2)<0 
BIRATI«NUMVEI(2)4+NUMVED(2) 


A 
7 (COUNT=0 )p LOOPS 
NUMVETL2 I+ UNVETL21+(COUNTx10) 


LOOP81:; 

AMAINTAIN VARIABLE FOR INITIAL FORCE SIZES 
INITLD«<NUMVED 

Paci cc 


CUMULATIVE LOSSES BY FIRER PER TARGET 
LORDBD<0 
LORIBD<0 
LORIBI<«<0O 
LOBDRD<0 
LOBIRD<0O 
EOE 


AKILL PER Roe FOR Au Pe aGE FIRE 
KPRRI<« 0.0 Oo. 000 

KPRBI« OQ. mage OO. ade 

A 

AMISCELLANEOUS LETHALITY AND VULNERABILITY MULTIPLIERS 


A 
MISCLE*€ 229031311 1 
MISCVUe 2 2p 24°F 1 1 


A 
AINITIAL STARTING RANGE IN METERS 
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Ss Ce: ee | a ee ee a ee | ee | ee ee | ee | ae | ee» ee |) a a a | ee? a ee | | | ee ee ee ee ee ee ee 


RANGE+ 2 e 9000 10000 10000 15000 
CURRAN RANG 


ACUMULATIVE RANGE VECTOR 
pone CC 1] 


AINITIAL VEHICLE SPEED IN METERS PER MINUTE 
Pibeg a 2 270-00 20 20-30 


ACURRENT TIME OF SIMULATION 
TIME«<0 


A 
AVECTOR OF TIME INTERVALS 
CUMTIN«TIME 


A 
ASTOPPING CRITERIA 


A 
ABLUE'S ESB ATTRITION ON RED FORCES 
BLUDES<«0. 


A 
AWHAT RED Be WS TO LOSE SHOULD BLUE ATTACK 
Pee eo; 


ATHE FRACTION OF ENGAGEMENTS IN WHICH BLUE Ae PRESUMED TO 
"DISENG+O.8 DICTATE THE DURATION OF THE BATT 
ee 


AACTUAL ATTRITION TO BE IMPOSED ON RED FORCE 
ATTR*«REDDES + (DISENGx (BLUDES-REDDES ) ) 


A 
ABLUE WILL STOP THE COUNTERATTACK IF BLUE RECEIVES THIS MUCH 
AATTRITION 

BLUATT+¢0.5 


A 
AAVERAGE FIRING RATE IN ROUNDS/MINUTE 
EIRGAS CRZa 2 One. 2 2 2 
FIRRAMt 229110 0 


A 

APERCENTAGE OF Aa eat de aoe OF FIRING 
VEPIRNOe 2-2 6 0-5 Ono 0.9 

VEF IB Ree? 25070. 35° 0.5.0 0.5 


A 
ee eas 2 2 Pepe od oh NUMVET[1] ) 
2 oN 


VEFIBR*«VEF1BRx MVED(2],NUMVEI(C2]) 
A 
APERCENT OF ENGAGEMENT STATIONARY /MOVING (FIRER, TARGET) 
PERSS« 2 2 G09 10,06 OF 0. 
PERSM+« 2 2 S 0:81 0.01 0 eu ‘gu 
PERMS« 2 2 p 0.01 0.81 0.0 3 Ou 
PERMM+ 2 2 p 0.09 0.09 0.16 16 
AHIT PER ROUND FIRED STATIONARY/MOVING (FIRER, TARGET) 
ITRSS« 22 p 0.75 0.4 0.8 0.8 
ITRSMe 2 2 9 0.47 0.7 0.3 0.3 
BITHMSe 72 2p. 2 oo eo eO 
HITRMM+ 2 2 p 0.19 0.05 0 O 
A 
AHITS PER MINUTE CALCULATION 1 
HTMINI«ETRRASX( (PERSSXHI TES S)+(PERSMxHITRS®™)) 
HTMIN1«HTMIN1+ (FIRRAMx (( nox HITRMS )+ (PERMMXHITRMM))) 
C3 ERROR 


CaERRe 252 °0 0°70 00 


HITS PER MINUTE CALCULATION 2 
HTMIN2¢HTMIN1x(1-C3ERR ) 


rege EFFECTIVE RANGE OF WEAPON SYSTEMS IN METERS 
AXEFF<e 2 2 p 3000 3000 15300 18100 


AOUTPUT THE STARTING CONDITIONS 
+(TIME>0 )pLOOP1 


A 
A 
p 
A 
A 
A 


a 


| ee ck a ee ee me ee | a ae ce cee eee ee | cee | ee | ee | ee ee ee | ee | ee ee | ee | ae ee | ee | en S| | Gen | | | De Se Qn) 
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ANITIAL START DATA' 

VAL TIME O CONDITIONS ARE AS FOLLOWS: ! 
'NUMBER OF BLUE DIRECT VEHICLES : DUVET Lon 
'NUMBER OF (eee INDIRECT VEHICLES ',(®NUMVEI(2 
"NUMBER OF RED DIRECT VEHICLES ', (ONUMVEDLI]J 
,VOMBER OF RED INDIRECT VEHICLES ', CONUMVET (13 


RANGE BETWEEN WEAPON SYSTEMS ' 





'BLUE DIRECT VS.) BED DIRECT Sno Ore 
'BLUE DIRECT VS. RED INDIRECT ', (ORANGCE(L2;1) 
'BLOUE INDIRECT VS. RED DIRECT fg OA One 

', (BRANGEL2;2 





BLUE INDIRECT VS. RED INDIRECT 


A 

RUPDATE RUN TIME OF MODEL AND CUMULATIVE TIME VECTOR 
TIME¢TIME+DELTAT 

CUMTIM«CUMTIM,TIME 


A 

ACHANGE VEHICLE SPEE 
+ (CURRAN(1311>3000) 
VEHSPDe)? 2° pelo ne 


A 
LOOP13: 


A 
ee THE DISTANCE EACH SYSTEM MOVES IN 
RPA TIME INTERVAL 

DSMVBD«<VEHSPD bee xDELTATx  (PERMS (1:3: 2J+PERMM[ 
DSMVBI€VEHSPD[23;2)xDELTATx {PERMS fT] Penan 


a UNITS ARE ENCAGED IN DIRECT FIRE 


DSMVRD*VEHSPD i x DELTATx (PERMS(131)4+PERMM 
DSMVRI<VEHSPD(2:11xDELTATx (PERMS[2:13+PERMML 
A 


AUPDATE RANGE BETWEEN OPPOSING FORCES 





CURRAN[13;1J]«CURRAN([13;1]-(DSMNVRD+DSMVBD 
CURRANT: 2J«CURRAN(132]-(DSMVRD+DSMVBI 
CURRANL2;3 ; «CURRAN(231 DSMVRI+DSMVBD 
Ces: +CURRAN([23 2]- DSMVRI+DSMVBI 





ACHECK TO INSURE THAT NO NEGATIVE RANGES OCCUR 
<1 


LOOPS: J<1 
man isre eerie 37 J20)pLOOP7 
CURRANLI;J7J+ 
LOOP7 :J+J+1 
*(J<3 )pLO0PE 


eg 88) ACCES 

AKEEP VARIABLES SEPARATE FOR RED AND BLUE RANGES 
CURRB«CURRAN 

CURBR+CURRAN 


A 
RUPDATE CUMULATIVE RANGE VECTOR 
| Ue aan» CURRANL1;1] 


es TARGET IS OUT OF RANGE, INSURE THAT 0 CASUALTIES ARE 
Ae ED 


LOOP3i:J+«1 


LOOP2:+(CURRB(I 3d ]SMAXEFF(I31] )pLOOPu 
CURRB(I3J1<MAXEFFLI31] 
OOPu:+(CURBR(I 37 ]SMAXEFF(J32] )pLOOP12 

RCUI3d ]«MAXEFF(CJ32) 


CURBR(I 
LOOP12:J<J+1 
+(J<3 )pLOOP2 


TeIt1 
+(I<3)pLOOP3 
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a 

ARANGE VARIABLE 

RRANVA+ 2 2 Si Te 272 oNAXEFF Cj 4192222 * ( Noga emyts1j) 
BRANVA+ 2 2 p(,(1-(CURBR+(2 2 pMAXEFFL; 4 °2° pMUuC;2)) 


A 

ABLUE AND sae HIT PER MINUTE CALCULATION 3 
Ee le poet ei 1] )xRRANVA 
BHTMN3«(2 2 SH MIN2(32) )xBRANVA 


A 
AFINAL ATTRITION Miateanee FOR_RED FIRER 


REDIDI<ELRRAS| 2 ‘ 1] (PERSS (2s -4 +PERSME 234) 

REDID2+FIRRAM[ 231 PERMS(23:11+PERMM[231] 

REDID3«<KPRRIC1)x(1-C3ERRL2:1)] )xALLOIIC2 

REDID*REDID3x (REDID1+REDID2 } 

REDII«KPRRI(2)*(1-C3ERR(231))x (REDID1+REDID2 )xALLOIJ(232] 

AIJ«RAYTMN3xKILLERxALLOLS 

anid 22 pCATi1s1) AG lao) REDD RED GT ) 

aFINAL ATTRITION VARIABLES FOR BLUE FIRER 

BLULDI*PIRRAS| 2321 x(PERSS (2 + 2 ae ee 2) 

BLUID2+FIRRAM([2:21x(PERMS(2:2)+PERMM[E232 
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Ae FO OCA TE 111). BLUrD, AJIL 2: tine Eee) 

A 

AMISCELLANEOUS LETHALITY AND VULNERABILITY MULTIPLIERS 

MISCR«MISCLEXMISCVU 

MISCB«MISCLEXMISCVU 

MISCR<®& GR le) 


MISCB+ 2 a5 2 pT ses ts 2) 


AUPDATE ATTRITION MATRIX 
AIJ«AIJxMISCR 
AJI*«AJIxMISCB 


ACASUALTIES CALCULATED BY FIRER AT TARGET 
CARDBD«ALI( 131 xVEFIRB(1;:1)]xDELTAT 
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CABDRD«AJI(1:11xVEFIBR(13:1)xDELTAT 
CABIRD+AJI6132)xNUMVED 1) xVEETBR( 132) xDELTAT 
CABIRI«AJI(2:21xNUMVEI(11xVEFIBR(232)]xDELTAT 
CASBI«CARIBI 
CASRI«CABIRI 
CASBD*«CARDBD+CARIBD 
CASRD«CABDRD+CABIRD 


c 

ATOTAL CASUALTIES 
Phen Fee eee 
CASI«(CASRI ,CASBI 


A 

AaUPDATE FORCE SIZE NUMBER OF DIRECT AND INDIRECT VEHICLES 
NOMVET* (NONVEL- Paeeatne -O01 

NUMVETI<«(NUMVEI-CASTI )i 0.001 


AUPDATE CUMULATIVE ees BY FIRER PER TARGET 
LOBDRD«<LOBDRD,CABD 

LOBIRD«<LOBIRD, CABLRD 

LOBIRI«<LOBIRI ,CABIRI 

LORDBD<LORDBD ,CARDBD 

LORIBD«<LORIBD,CARIBD 

one oe ,CARIBI 


aPERCENT OF VEHICLES SURVIVING BY VEHICLE TYPE 


A 
BLUDIR«NUMVED(2)4INITLD(2) 
BLUIND«(NUMVEI(2]4INITLI(2) )f0 
REDDIR«NUMVED(1IJ4+INITLD(1) 
BO oT Pare CREE OaHOMVE 
BIRATI«BIRATI , (NUMVEIC2J4NUMVED[(2) ) 
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CRD=1 )pLOOPYO 

TREDDIR AFFECTED! 

CRD<1 

LOOP4YO: 

ALLOIJ(131jJ<0 

AL Has 2290001 
LOOP2 : 
*(BLUDIR> BLUATT )pLOOP23 
>+(CBD=1)9L0O 

po ae NFFECTED' 


O7i0131]<0 
one 272-9 0 0-081 
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LUIND>O. ior 
BI=1)pLo00 

UIND AFFECTED '! 
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Wipes 7 9: p 1000 
2 O71 0-1 0 
EDIND>0.3 peor 
ie 


{ele 130 L00 
DIND AFFECTED '! 


OJI< 229110 0 
Cora 252 6°71 50.0 0 
0 ee ee ee UM LMELB EES IEE = 0 )pLOOP26 
Ana ae OOPuUY 
OTH D BD AFFECTED! 
ALLOIJ+ 2270001 
ALLOJI« 22900001 
LOOP26 
> (CCREDIND<0 3) Sa eT NID. 3) )=0)pLOOP27 


+(CRIBI=1) 
'BOTH RI AND BY \ REFECTED' 


LOO 
ALLOTI (2 § :1<0 
2)<0 
> ( ( CHEDDIR< (1- -~ATTR) )ACBLUIND<0.3 ) )=0)pLOOP28 
CRDBI=1)pLOOPu 
1 BOTH RD AND BI AFFECTED! 


CRDBI<1 
LOOPUE: a 


0 
0 
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AFFECTED! 


/LORIBI),(+/LOBDRD ), (+/LOBIRD),+/LOBIRI 


(TIME+10)= LIE I eesieiele 2 
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Bel Ed ',(3TIME),' RANCE IS ', (sCURRAN{1;1)) 
A 
LOOP21: 
AIF BREAKPOINT CRITERIA HAS BEEN REACHED STOP BAITLE 
EN eee epee ee pLOOP8 
REDIND<0.3 REDDIR<(1-ATTR)))pLOOPS 


A 
ATIME STOPPING CRITERIA 
+(TIME<100 )pLOOP1 
+LOOP10 


A 
LOOPS: | 
MISSION FAILED ' 


"BLUE RECEIVED ',(3(1-BLUDIR)),' PERCENT CASUALTIES' 


A 
COUNT+COUNT +1 
R 1-REDDIR 





UIND 
n (INIPLI (215500 pLOOP80 
+LOOP1 


A 
LOOPS: | 
t t 


MISSION pUCCESorUG.. | * 
"RED RECEIVED Pe CCCL-HEDDIR Dy" PERCENT CASUALTIES' 


A 
COUNT<COUNT +1 
Pee EB 


BI«BI.(1-BLUIND 
a> (INITLIC(21S500 )pLOOP80 
+LOOP11 
LOOP10: 
'TIME EXPIRED! 


COUNT+COUNT +1 

ROCKO, (li -heor ia 
BDCBD, (1-BLUDTR 
Len, ie ino 


BI+«BI UIND 
o> (INTEL (215800 pLOOP80 
LOOP1 





PINAL BLUE DIRECT oe CASUALTIES ett -BLUDIR )) 
' FINAL RED DIRECT FIRE CASUALTIES Pe pCl-HEDDIR ) ) 


ee ATTRITION MATRICES ARE:'! 
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'AJI CS 
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SATI 
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t 
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bu30) PIRER TARGET NUMBER KILLED! 
(431 ' RED DIRECT BLUE DIRECT ', (3+/LORDBD 
tyao25 ) HED SINT RECT BLUE DIE AHO IE ',(3+/LORIBD 
vet RED INDIRECT BLUE INDIRECT ', (3+/LORIBI 
ets 'BLUE DIRECT RED DIRECE ',(3+/LOBDAD 
C436Jj 'BLUE INDIRECT RED DIRECT ',(3+/LOBIRD 
L437 eB eUL SIND TREC RED INDIRECT Cet (LOB iie 


A SAMPLE OUTPUT IS LISTED BELOW. 
ec DESIRED NUMBER OF DIRECT VEHICLES 


6228 
cea DESIRED NUMBER OF INDIRECT VEHICLES 


ugy 
INITIAL START DATA 


AT TIME 0 CONDITIONS ARE AS FOLLOWS: 
NUMBER OF BLUE DIRECT VEHICLES 6228 
NUMBER OF BLUE INDIRECT VEHICLES 484 
NUMBER OF RED DIRECT VEHICLES Od 
NUMBER OF RED INDIRECT VEHICLES 424 
RANGE BETWEEN WEAPON SYSTEMS 

BLUE DIRECT VSen, HED DIRECT, 5000 
BLUE DIRECT VS. HED IND RECT 10000 
BLUE INDIRECT VS. RED DIRECT 10000 
BLUG@INDIRGCT Vouw AGED NORE CT 15000 


TIME IS 1 RANGE IS 4886 

TIME IS 2 RANGE IS 7a 

TINE IS 3 RANGE IS u658 

TIME IS u RANGE IS usuy 

TIME IS 5 RANGE IS U4 30 

TIME IS 6 RANGE IS u316 

TIME IS 7 RANGE IS 4202 

TIME IS 8 RANGE IS 4088 

TIME IS 9 RANGE IS 3974 

TIME IS 10 RANGE IS 3860 
TIME IS 11 RANGE IS 3746 
TIME IS 12 RANGE IS 3632 
TIME IS 13. RANGE IS 3518 
TIME IS 14 RANGE IS 3404 
TIME IS 15 RANGE IS 3290 
TIME IS 16 RANGE IS 3176 
TIME IS 17 RANGE IS 3062 
TIME IS 18 RANGE IS 29u8 
TIME IS 19 RANGE IS De ala 
TIME IS 20 RANGE IS 2874 
TIME IS 21 RANGE IS 2837 
TIME IS 22 RANGE IS 2800 
TIME IS 23 RANGE IS 2763 
TIME IS 24 RANGE IS 2726 
TIME IS 25 RANGE IS 2689 
TIME IS 26 RANGE IS 2652 
TIME IS 27 RANGE IS 2615 
TIME IS 28 RANGE IS 2578 
TIME #S 29 RANGE IS 2541 
TIME IS 30 RANGE IS 2504 
TIME IS 31 RANGE IS 2U67 
TIME IS 32 RANGE IS 2430 
TIME IS 33 RANGE IS 2393 
TIME IS 34 RANGE IS 2356 
TIME IS 35 RANGE IS 2319 
TIME IS 36 RANGE IS 2282 
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TIME IS 37 RANGE IS 22u5 
TIME IS 38 RANGE IS 2208 
TIME IS 39 RANGE IS 2474 
TIME IS uO RANGE IS 2134 
TIME IS ul RANGE IS 2097 
BLUDIR AFFECTED 
TIME IS U2 RANGE IS 2060 
TIME IS 43 RANGE IS 2023 
TIME IS uu RANGE IS 1986 
TIME IS 45 RANGE IS 1949 
TIME IS u6 RANGE IS 1912 
REDDIR AFFECTED 
BOTH RD AND BD AFFECTED 
TIME IS u7 RANGE IS 1875 
TIME IS 48 RANGE IS 1838 
TIME IS 4u9 RANGE IS 1801 
TIME IS 50 RANGE IS 1764 
TIME IS 51 RANGE IS a7 27 
TIME IS 52 RANGE IS 1690 
TIME IS 53 RANGE IS 1653 
IME IS 54 RANGE IS 1616 
TIME IS 55 RANGE IS 1579 
IME IS 56 RANGE IS 1542 
TIME IS 57 RANGE IS 1505 
TIME IS 58 RANGE IS 1468 
REDIND AFFECTED 
BOTH RI AND BD AFFECTED 
TIME IS 59 RANGE IS 1431 


MISSION SUCCESSFUL!!! 

RED RECEIVED 0.7014500412 PERCENT CASUALTIES 
FINAL BLUE DIRECT FIRE CASUALTIES 0.5081024927 
FINAL RED DIRECT FIRE CASUALTIES 0.7014500412 


RESULTING ATTRITION MATRICES ARE: 

0 0 

0 0.000096 
Age 

0 0 

0 0.000192 

FINAL BATTLE OUTPUT P 

FIRER TARGET NUMBER KILLED 

RED DIRECT BLUE DIRECT 2259.45u865 
RED INDIRECT BLUE _ DIRECT 905.0074596 
RED INDIRECT BLUE INDIRECT 241.9319855 
BLUE _ DIRECT RED DIRECT 796.7291719 
BLUE INDIRECT RED DIRECT 295.4285u22 
BLUE INDIRECT RED INDIRECT 300.153251 


~J 
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APPENDIX B. INPUTS USED IN THE MODEL 


The following list shows the current values and shape of 
the variables that are used in the APL program (Shape 
corresponds to the “e526 ie. tne vector Yen meatier 
Abbreviations used im the application column ©! .eaEe 
represents Blue direct weapon systems) specify the location 
within the vector or matrix that applies toe the weapon 


system type. 





VARIABLE NAME VALUES APPLICATION SHAPE 
ALLOA 1.06 0.00 PD-BR RD-B! a! bis 
60 40 FI-BD RI-BI 
ALLOJI i Jie 70 BD-PD BI-PD rae 
00 30 eee Bees 
BLUATT 50 0 
BLUDES 25 ¢ 
CREPP 00 00 PD BD oni 
00 06 RI 2] 
DELTAT i}. oe 
DISENS 80 ‘ 
FIRRAM 1.00 1.00 RD BD 2 ee 
0.00 0.00 RI BI 
FIPPAS 2.00 2.00 RD BD 2 
2.00 2.00 RI BI 
HITRMM 19 05 RD BD 2% 
0.00 0.00 RI BI 
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APPENDIX C. ATTRITION COEFFICIENT CALCULATIONS 


The formulas used to calculate the attrition 
coefficlents by weapon system (Ajj for use with the 
Lanchester attrition equations are shown below. More 
detalled explanations on Lanchesterian attrition theory and 
calculations is given in Taylor (Ref. 6]. 


For direct flre weapons: 


iP ep R i ey | 
Ay = Pyx HT yyx(%OMxVim + YoS xv 4.) x(1 — c3)a( — 2 xWVyxMLExMVU_ (16) 


Meving units of ©# killed)/C# firersdCunit time). 


For indirect fire weapons: 
Ay = Op(VoMxvi, + YS xvis)x(l — C3) ¥yxMLExM VU (17) 


having units of (# killed)/C# filrers >¢# targets>Cunlit timed. 


Vere, 

Aij = ACCCNtlon CoOetticient tem i 9firer, J target 

Pi j =—Prodvabi |ityrot Kill Yoiven Nit Gi ticer, J -tarcet) 
Q1 j =Probability of kill given shot Ci firer, j target) 


AT i jk =Probability of Hit per Shot ci firer, | taraqet;, k 


moving or stationary?) 


7M, =Percent of the time system i Is moving 
vee =System | rate of flre when moving 

| =Percent of the time system 1 is stationary 
Vis =System i rate of fire when stationary 
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CS; =Degradation due to intelligence error for system i. 
R =Current cistance betwee tint once: 

eS =Maximum effective range of system :. 

Vis, =Weapon accuracy parameter for system i. 

ae, =Percent of allocat j@mmol 1 fire: (on) eta5eom 

igi a =Miscellaneous letharrcy nro le. 

MVU =Miscel laneous Vuumer ae eye ener 


AS hs 


Therefore, uSina the convention of *% as the Blue force Siem 
as the Fed force, with a and b as the attrition coef tye seme 
(from Equations 16 and 17) for the Blue and @ Rea fore 


respectively, the fol lowing equSst (one see 8h cee eee 


Bor BU vVenatreet se ten a eome 

eee ee , Se 5 

Grn at boxXpy] Dy, In ais: > 
aro. for«Blve 1hee rect val vee 

dx7/dt = Sle ph Cre 

Simijarly., the Oirect attri eleanor ec [ec onee 

=F ame ve _ —: * —_ y > > 

Sieh at ao Hs] ay, An C20. 
and for Red tndirect systems, 


ope _ ree aaT Cea 


eis 


Tnese equations are described in Table 3 of Chapter 3. 


APPENDIX D. RELATED GRAPHS 


The following charts (Figures 11 and 12) show another 
method of representing eenarate attrition effects during an 
engagement. Recall from Chapter 4 that the Red threat 
consisted of five distinct scenarlos. Only one scenario 


CScenarlo 5) Is shown In the following graphs. 
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Proure” 11. 3-Dimensional Graph depicting Red direct 
mete | tion 
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RED INDIRECT CASUALTIES 
SCENARIO 5 
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elie NAA 3-Dimensional Graph depicting Red indirect 
attrition 

surface graphs (l.e. Figures 11 and IZ) render a broaden 
view of the heterogeneous model’s performance. Recall! the 
analysis discussion In Chapter 4 reference Scenario 5. The 
Red threat was characterlzed by possessing SOO indices 
Weapon systems. Analysis from these graphs allow planar 
cuts along the X and Y axis to represent the four cases of 


Blue force structures discussed In detall In Chapter 4. 
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